Background: This study evaluated the efficacy of amiodarone for avoiding inappropriate therapies by implantable cardioverter defibrillators (ICDs).
everal trials have suggested that implantable cardioverter defibrillators (ICDs) are effective not only for secondary prevention, but also for primary prevention of sudden cardiac death in patients with structural heart disease. 1-7 One of the major issues in patients receiving an ICD is the serious psychological reaction to the excessive delivery of appropriate shocks triggered by ventricular tachyarrhythmias, as well as inappropriate shocks triggered by rapidly conducted supraventricular tachyarrhythmias. 8- 12 Therefore, an important rationale for adjuvant therapy with antiarrhythmic drugs in patients with an ICD is improving quality of life (QOL) by suppressing both supraventricular and ventricular tachyarrhythmias, as well as providing protection against death from arrhythmias.
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In the Optimal Pharmacological Therapy in Implantable Cardiovertor defibrillator patients (OPTIC) study, amiodarone plus β-blockers was effective for reducing the number of appropriate and inappropriate shocks from ICDs. 13 The efficacy of amiodarone for reducing inappropriate ICD therapies in patients with structural heart disease has been reported previously 14 and more recently, it was reported that amiodarone is effective for preventing inappropriate ICD therapies in selected patients with atrial fibrillation (AF). 15 However, the exact background to the reduction in inappropriate therapies provided by amiodarone has still not been fully investigated. In the present study, we assessed the efficacy of amiodarone for avoiding inappropriate therapies from ICDs and analyzed the contributing factors to a reduction in inappropriate therapies in patients with structural heart disease.
Methods

Patient Population
All patients who underwent ICD implantation with standard transvenous lead systems were included in our institutional registry from 1990 to 2005. Of 271 consecutive patients, a total of 232 patients (mean age 58±13 years, 79% males) with organic heart disease were studied. All patients had spontaneous sustained ventricular tachycardia (VT)/ventricular fibrilla-Amiodarone and Inappropriate ICD Therapy tion (VF) or a history of syncope with an inducible sustained ventricular arrhythmia.
All the patients were categorized according to the administration of amiodarone at the time of ICD implantation. Amiodarone was administered by either the referring physician or in hospital for patients who had frequent, refractory sustained ventricular arrhythmias and/or frequent premature ventricular contractions, and also in whom other antiarrhythmic drugs were not effective or tolerated. One patient with concomitant use of amiodarone and a class Ia drug was excluded from the study. The baseline characteristics and event rates of inappropriate ICD therapies between the amiodarone group and non-amiodarone group were compared. We also assessed the univariate and multivariate predictive variables of inappropriate therapies among all subjects. The mean period of follow-up was 29±21 months.
ICD Implantation and Follow-up
The ICDs were implanted by the standard transvenous approach. Dual-chamber ICD devices were selected if the patients had VT with a long cycle length (>350 ms), a supposed indication for pacemaker implantation, or a history of a supraventricular tachycardia (SVT). The presence of SVT was confirmed from the clinical chart or information obtained from the referral doctors, ambulatory ECG and ECG monitoring during hospitalization. The defibrillation threshold (DFT) was analyzed at implantation and the time of administration of the additional antiarrhythmic drugs. No patients who had received cardiac resynchronization therapy were included in this study.
After hospital discharge, the patients were followed up at the outpatient clinic every 3-6 months or immediately after any ICD shock delivery. The evaluation included a history from the patient and interrogation of the ICD for any arrhythmic events. The stored intracardiac recordings were carefully evaluated by 3 independent experienced cardiologists. ICD delivery for any atrial tachyarrhythmias, including AF, atrial flutter, atrial tachycardia or sinus tachycardia, were defined as inappropriate therapy because of SVT, which was defined by the following algorithm. Tachycardia with a regular and narrow QRS morphology on the stored intracardiac recordings retrieved from the ICD was defined as an atrial tachycardia if it had a sudden onset or no atrioventricular dissociation in patients with a dual-chamber ICD. We defined it as sinus tachycardia if the tachycardia gradually initiated at the beginning of the tachycardia. If it was an irregular tachycardia with a narrow QRS morphology, we defined it as AF.
The adverse effects of amiodarone were also evaluated. Patients were checked every 4 months at the outpatient clinic by laboratory examinations and a chest X-ray.
Statistical Analysis
The clinical outcome was the first episode of an inappropriate ICD event, including shocks or antitachycardia pacing therapy. The results are presented as percentage or the mean ± SD, as appropriate. The patients with and without oral administration of amiodarone at the time of ICD implantation were compared with an unpaired Student's t-test. The categorical variables were compared using a chi-square test or Fisher's exact test. The time to the first inappropriate therapy was analyzed by the Kaplan-Meier method. Variables with P<0.05 in the univariate test were entered into the multivariate logistic regression analysis to identify the independent predictive variables for inappropriate therapies. The level of statistical significance was set at P<0.05. NAGAI T et al.
Results
Patient Characteristics
The baseline characteristics of the patients are summarized in Table 1 . There were no significant differences between the 2 groups in terms of sex, age, New York Heart Association functional class, prior pacemaker implantation or history of supraventricular tachyarrhythmias. The prevalence of ischemic heart disease was higher in the amiodarone group than in the non-amiodarone group (47 vs 33%, P=0.044). The patients in the amiodarone group had a lower left ventricular ejection fraction (31±12% in the amiodarone group, 40±17% in the non-amiodarone group; P<0.0001), larger left atrial diameter (43±10 mm in the amiodarone group, 40±9 mm in the non-amiodarone group; P=0.026), and smaller total number of heart beats on the 24-h Holter monitoring (88,157± 16,536 beats in amiodarone group, 93,463±18,199 beats in the non-amiodarone group; P=0.049). Dual-chamber ICDs were more frequently implanted in the patients in the amiodarone group as compared with those in the non-amiodarone group (47% in the amiodarone group, 22% in the non-amiodarone group, P=0.0001). There was no significant difference in the combined use of β-blockers. The mean daily maintenance dose of amiodarone was 170±52 mg (range, 50-400 mg) in the amiodarone group. Although no fatal side-effects were observed during the follow-up, amiodarone was discontinued because of adverse drug effects in 19 patients (16%), including thyroid dysfunction in 11 (9%), pulmonary intoxication in 6 (5%), liver dysfunction in 1 (0.9%), and proarrhythmic effects in 1 (0.9%).
Incidence and Cause of Inappropriate ICD Therapies
In total, 14 patients (12%) in the amiodarone group and 31 (27%) in the non-amiodarone group had at least 1 inappropriate therapy during a mean follow-up of 29±21 months. Event-free curves were computed for the 2 groups using the Kaplan-Meier method (Figure) . The inappropriate therapies occurred less frequently in the amiodarone group than in the non-amiodarone group (P=0.0068 by log-rank test). The proportion of patients receiving at least 1 inappropriate shock delivery was 71% in the amiodarone group, and 52% in the non-amiodarone group. As a cause of the inappropriate therapies, only AF was significantly frequent in the non-amiodarone group (3 of 116 patients, 3% in the amiodarone group, 14 of 116 patients, 12% in the non-amiodarone group; P= 0.0098) ( Table 2 ). There was no history of AF documenta- Sinus tachycardia, n (%) 6 (5) 13 ( Amiodarone and Inappropriate ICD Therapy tion before ICD implantation in 5 of 14 patients with inappropriate therapies in the non-amiodarone group. On the other hand, all patients in the amiodarone group with inappropriate therapies caused by AF had a history of spontaneous AF before ICD implantation.
Predictors of Inappropriate ICD Therapies
The results of the univariate analysis for inappropriate ICD therapies are shown in Table 3 . A history of spontaneous AF before ICD implantation and no administration of amiodarone were associated with an increased risk of an inappropriate therapy. The administration of β-blockers or sotalol, and dual-chamber ICD implantation did not differ statistically between those with and without inappropriate therapies. The multivariate logistic regression analysis showed that amiodarone therapy (odds ratio (OR) 0.38, 95% confidence interval (CI) 0.19-0.77, P=0.0073) and absence of preexisting spontaneous (paroxysmal/persistent) AF (OR 0.27, 95%CI 0.13-0.57, P=0.0007) remained as independent predictors of a lower risk of inappropriate therapies ( Table 4) .
Discussion
Major Findings
In this study, we demonstrated that a history of paroxysmal or persistent AF was a major factor in the delivery of inappropriate therapy by an ICD in patients with structural disease. We further demonstrated that the administration of amiodarone concomitant with implantation of an ICD was associated with less inappropriate ICD deliveries.
Amiodarone as an Adjunctive Therapy With ICDs
The aim of adjunctive drug therapy with ICDs is to reduce both the number of appropriate shocks triggered by ventricular tachyarrhythmias and to prevent inappropriate shocks because of SVTs. The avoidance of frequent shocks through the use of antiarrhythmic agents may be crucial for the safety and QOL of patients with ICDs. Amiodarone, which prolongs the action potential duration and refractoriness of cardiac tissue, has emerged as the antiarrhythmic agent of choice for treating life-threatening ventricular arrhythmias. Previous prospective randomized studies have suggested that amiodarone prevents the recurrence of VT/VF and unexpected death, and reduces the total mortality in patients with ventricular tachyarrhythmias. Recently, we reported the usefulness of amiodarone therapy guided by VT inducibility for preventing VT/VF recurrence in patients with structural heart diseases and relatively preserved left ventricular ejection function (≥30%). 16 On the other hand, the combined use of antiarrhythmic agents with ICDs might lead to adverse responses such as an unacceptable increase in the DFT, underdetection of VT/VF because of prolongation of the arrhythmia cycle length beyond the programmed detection interval or potential proarrhythmias or extracardiac toxicity. Amiodarone is widely used as an adjuvant drug therapy with ICDs; however, there have been few randomized placebocontrol trials to evaluate whether amiodarone is beneficial or not.
The efficacy of combination therapy with oral amiodarone plus β-blockers in patients receiving a dual-chamber ICD for secondary prevention has been prospectively evaluated in a randomized multicenter trial, 13 which compared both amiodarone plus β-blockers and sotalol with standard β-blocker therapy for the prevention of ICD shocks in patients with an ejection fraction ≤40% and spontaneous or inducible ventricular tachyarrhythmias and confirmed the efficacy of amiodarone plus β-blockers for avoiding both excessive appropriate and inappropriate shocks without significantly increasing the risk of treatment related mortality. Recently, amiodarone alone also has been shown to be effective for avoiding inappropriate ICD therapies in a patient with AF and congestive heart failure. 14, 15 Our study evaluated inappropriate ICD ther- 
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apies, including not only shock therapies but also antitachycardia pacing therapies, from either single-or dual-chamber ICD systems in patients with and without the oral administration of amiodarone, and our reaults suggest that not using amiodarone was associated with a higher risk of inappropriate therapies in patients with organic heart disease, regardless of β-blocker administration.
Effect of Amiodarone on Inappropriate ICD Therapies
In the present study, only AF was a significant independent cause of inappropriate therapies in a comparison of patients with and without amiodarone. The incidence of inappropriate therapies caused by AF was 2.6% and 12.1%, respectively. Interestingly, half of those patients received inappropriate therapies because of newly developed AF in patients without amiodarone. Further, no cases of inappropriate therapies caused by newly developed AF were observed in the amiodarone group. The patients implanted with an ICD usually have structural heart disease with impaired LV function.
There is increased LV end-diastolic pressure caused an increased left atrial pressure from nearly 15-25% and greater complications of AF in these patients. 1,5-7 The reduction in the incidence of spontaneous AF is most likely 1 of the mechanisms of the reduction in inappropriate therapies by ICDs with adjunctive amiodarone. The effect of amiodarone in preventing newly developed AF has been widely recognized. 17, 18 Singh et al showed the effectiveness of amiodarone in preventing new AF in patients with sinus rhythm at baseline and reported that ICD shocks were more often seen in patients with AF. 19 Amiodarone also has a β-blocker-like effect and decreases the heart rate during sinus rhythm or AF. 20 However, in the present study it was not possible to clarify whether amiodarone could reduce the frequency of spontaneous AF or decrease the heart rate during AF by its negative chronotropic effects.
Study Limitations
First, this was a retrospective, single-center study and lacked the clear advantage of a multicenter prospective, randomized study. The OPTIC trial suggested that amiodarone and β-antagonists could prevent inappropriate ICD therapy and our study has emphasized that result. However, β-blocker use was only 44% in a large cohort study in Japan, 21 indicating it is not frequently administered in the Japanese patient population with structural heart disease and ICD implantation. We could not confirm the reason for the relatively lower use of β-blockers in our study. One possible reason is that we included patients who underwent ICD implantation at the end of the 90 s (from 1990 to 2005) and β-blockers might be not have been frequently used during that time. Second, the patients in the amiodarone group were more likely to have decreased cardiac function and a larger left atrium. Therefore, amiodarone might have been prescribed for the sicker patients, leading to an underestimation of the drug effect. Third, the ratio of dual-chamber ICD systems was significantly higher in the amiodarone group, so it is possible that the AF-discriminating algorithms of the dual-chamber devices contributed to the reduced number of inappropriate therapies in the amiodarone group; 22 however, the ratio of dual-chamber ICDs did not statistically differ between those with and without inappropriate therapies. Fourth, there was a tendency to a higher incidence of inappropriate therapy because of sinus tachycardia in the non-amiodarone group (P<0.10). Amiodarone may also contribute to reducing sinus rate. A previous study supported that amiodarone can reduce the sinus rate. 20 In fact, patients in the amiodarone group had a smaller total number of heart beats on 24-h Holter monitoring (P=0.049) in our study. However, sinus rate did not reach statistical significance as a cause of inappropriate therapy.
Conclusions
This study demonstrated that inappropriate ICD therapies occur predominantly in patients with spontaneous AF and structural heart disease. The results also suggest that amiodarone therapy may be associated with a lower rate of inappropriate ICD therapies safely under careful observation.
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